Previous ultrastructural and biochemical studies on ductal infiltrating carcinomas (d.i.c.) of human breast have suggested that interactions between the tumour cells and extracellular collagenous matrix are important for the invasive behaviour of these neoplastic cells (Minafra et al., 1984a(Minafra et al., ,b, 1988 Pucci Minafra et al., 1985 . To examine this further we have attempted to establish a breast carcinoma cell line in vitro which retains many of the properties observed in vivo. To date the majority of breast cancerderived cell lines have been obtained from secondary tumours and pleural effusions (Dobrynin, 1963; Soule et al., 1973; Trempe & Fogh, 1973; Engel & Yung, 1978; Monaghan et al., 1985) . Although a cell line derived from a primary breast carcinoma has recently been reported (Vandewalle et al., 1987) the relative paucity of cell lines derived from primary carcinomas (Hackett et al., 1977; Nordquist et al., 1975; Lasfargues et al., 1978; Rudland et al., 1985) may be related to the technical difficulties associated with the extraction of viable tumour cells from surrounding stroma. Here we report the isolation, establishment and characterisation of a continuous line of neoplastic cells isolated from a primary duct infiltrating carcinoma of human breast (8701-BC). These cells have been grown in monolayer cultures for more than 100 passages and have retained morphological characteristics similar to those of the original tumour.
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Materials and methods

Tissue fractionation
Tumour fragments obtained from surgical operations and histologically diagnosed as ductal infiltrating carcinoma were washed under sterile conditions with a Ca2+ and Mg2+ -free balanced salt solution (BSS-CMF). Specimens to be used for cell culture were taken from the core of the tumour, cut into very small pieces and pre-incubated in BSS-CMF with gentle stirring at 37°C for 15 min. The tissue was then transferred to BSS-CMF containing 0.125% (w/v) collagenase (Sigma type III), 0.1% (w/v) Hyaluronidase (Sigma) and 0.4% (w/v) demineralised bovine serum albumin (BSA) (Calbiochem grade), and digested for 45 min at 37°C with gentle rotation. The resulting cell suspension was centrifuged Bloom & Richardson (1957) .
Cell culture Cells of primary cultures were grown in minimum essential medium (MEM) with Earle's salts (Biochrom) supplemented with 20% (v/v) FCS (Difco) and 10% (v/v) TPB (Difco). A cell density of 1-2 x 10s cells ml-1 was used to seed primary cultures in 5ml flasks. At confluency cells were subcultured following detachment by exposure to trypsin 0.5% (w/v) and Versene 0.04% (w/v) human cell marker. Serum anti-TPA (Byk-Guldon), anti-CEA (Ortho-diagnostic) and anti-HLA-A-B-C (Technogenetics) were used as purchased; serum anti-cytokeratin 8 (Orthodiagnostic) was diluted 1:250 with PBS pH 7.6 containing bovine albumin.
The peroxidase-anti-peroxidase (PAP) method (Sternberger, 1979) Southern (1975) . The nitrocellulose sheet was probed with 32P-labelled human c-myc (Ryc 7.4) as described by Feo et al., (1986) . For c-myc expression, Northern blot analysis was carried out. Cellular cytoplasmic RNAs were isolated from 8701-BC cells, DAUDI, PAF and HL60 (human promyelocitic cells) (Collins et al., 1977) according to the method of Berger & Birkenmeier (1979) . The RNAs were denatured in 6% (w/v) formaldehyde: 50% (v/v) formamide at 50°C for 15 min and subjected to electrophoresis in 1% (w/v) agarose gel containing formaldehyde (10ug of RNA per lane). The fractionated RNAs were electroblotted on to Nytran membranes and hybridised with the c -myc probe as described by Feo et al., (1986) .
Preparation of metaphase chromosome spreads Cells were plated out at subconfluency in 25cm2 tissue culture flasks overnight. On the following day, 150u1 of Ndeacetyl-N-methyl colchicine (stock solution 100lg ml-1) was added to each 5ml culture and the flasks were incubated at 37°C for 3 h. The cells were detached from the culture vessel by trypsinisation and pelleted by centrifugation at 1000 rpm for 5 min in culture medium containing 5% (w/v) FCS. The supernatants were removed, leaving 250#1 above the cell pellet and a hypotonic solution (0.075 M KC1) was added to a total volume of 4ml. The pellet was gently dispersed and the cells were incubated at room temperature for 6 min. The cells were then centrifuged at 750 rpm for 6 min, the supernatant was removed and the cells were then fixed three times in freshly prepared ice cold fixative (3:1 ethanol/glacial acetic acid). The cells were resuspended in 500l of fresh fixative and two or three drops of the suspension were dropped on to clean, chilled, wet glass slides. The preparation was dispersed by gently blowing on the slides which were then left to dry at room temperature. The slides were stained in 10% Giemsa pH 6.8 for 10 min and rinsed in tap water.. epithelial cells and appeared at this stage as long interlacing, spindle-shaped elements (Figure la) . Nevertheless, nests of a different cell population (the presumed neoplastic cells) were present as scattered colonies growing on the underlying film of mesenchylnal cells (Figure la, inset) . These colonies became progressively larger when allowed to age a few days after confluence and tended to unite to form large multilayered aggregates (Figure lb) . In subsequent passages, due to different proliferation rates, the colony-forming cells overcame the mesenchymal ones, and from the sixth passage they were the predominant cell population in all cultures.
The nature of the colony-forming cells was examined using assays for three specific epithelial markers at different stages of subculture. The tests carried out on hundreds of samples showed that all the cells were positive for these epithelial markers and demonstrated that mesenchymal cells were absent from our long-term cultures.
Cell morphology Cell shape and cytoplasmic inclusions showed some variability among the neoplastic population. Twenty-four to 48 h after seeding, all cells had a rather epithelioid shape with large nuclei and often two prominent nucleoli (Figure 2a ). Three to four days after seeding they reached confluence and was lowered to 5% or less, it was possible to keep the culture at this stage for as long as 1 month.
When cells were plated at a density greater than 2.6 x 104cm-2, or were kept in culture for about 2 weeks from a lower density, they tended to form colonies growing on the film of confluent elongated cells. These colonies were composed of either darker, elongated cells, or of smaller, rounded, translucent cells in the same flask (Figure 3a) . A common feature shown by these cells was their ability to connect with each other by very long cytoplasmic bridges or spikes, sometimes between opposite edges of the hollow structures (Figure 3b, arrow) .
Electron microscopy The EM analyses of the long-term culture at 7 days after seeding revealed several ultrastructural analogies with the neoplastic cell population observed in tissue specimens of the original human breast d.i.c. where cells of contrasting electron densities were noted. Figure 4a shows an intercellular canaliculum where a large number of microvilli project into the lumen and Figure 4b shows an interdigitated cell contact with poorly differentiated junctional complex. In Figure 4c an intracellular crypt filled with microvillous projections, typical of breast cancer is observed. These ultrastructural characteristics of the cultured cells indicate their epithelial nature as well as their neoplastic origin.
Cell growth
The growth rate of the cells was assessed in later passages.
Cells were plated at low density (3 x 103cm-2) in 35mm Falcon dishes and the culture medium was changed every 3 days. At selected times dishes in triplicate were trypsinised and the cells were counted using a haemocytometer. Under these conditions cells reach confluence 4 days after seeding; but, as is shown by the growth curve in Figure 5 , they do not attain the steady state, but continue an exponential growth with a calculated doubling time of 28.8 h.
Immunocytochemistry
Figure 6 a and b shows typical immune reactions of late passage cells (34th to 49th) for TPA and cytokeratin-8 antigens. The staining appears as a diffuse network for the entire cell population. A similar pattern was observed for both antigens which was expected due to the homology between TPA and cytokeratins (Weber et al., 1984) Figure 6c shows the immunolocalization of CEA in cell cultures of similar passage. All cells appeared positive for CEA, although not all of them show the same stain intensity. Positive staining of tumour cells was also obtained in tissue sections (not shown). In contrast, fibroblasts present in early cultures and cells obtained from normal human mammary epithelium (using the method of Easty et al., (1980) ), were both CEA negative. Whereas the tumour cells reacted positively for TPA, cytokeratin-8 and CEA, when tested for HLA antigen a negative response was shown by all cells.
c-myc oncogene restriction patterns and expression Southern blotting analysis of the c-myc gene in 8701-BC cells, when compared with those of two human diploid cell lines, showed that the c-myc gene is in a normal germline configuration (12.8 kb EcoRI band) and is not amplified (Figure 7a, lane 2) . The same EcoRI band was obtained with line was achieved by adapting dissociative techniques to obtain significant improvements in cell cultivation. One advantage was the elimination of pronase and other general proteases which apparently impair cell viability, and the addition of a high concentration of FCS and TBP which facilitated cell growth. After a few passages (from the 6th on) the presumptive neoplastic cell population gave pure cultures as a result of their higher proliferative rate compared to the mesenchymal and normal epithelial cells. The epithelial origin of 8701-BC cells was supported by their general morphological features, as well as ultrastructural characteristics; the ability to form colonies and 'spikes', the formation of interdigitated cell contacts and junctional complexes, as well as the production of inter-and b, intracellular canalicula lined by microvilli. Most of these structures are generally reported in tumour-derived cell cultures (see Engel & Yung, 1978) , and have been maintained by 8701-BC beyond their 100th passage over almost 3 years.
Immunostaining for CEA, TPA and cytokeratin 8 antigenicity confirmed the epithelial nature and purity of 8701-BC cells. Despite reservations about CEA specificity as a tumour marker (Chretien, 1976) both CEA and TPA have been used singly (Bjorklund et al., 1982) or combined (Luthgens & Schlegel, 1983; Oehr et al., 1984) to characterise tumour cells. Goldberg et al. (1978) reported that positive CEA reactions in normal epithelial cells were artifactual and Kuhajda et al. (1983) also reported that normal breast cells were negative for CEA staining. These results are in accord with our observations since neoplastic cells gave positive reactions for CEA both in histological tumour sections (data not shown) and in cultures of 8701-BC, whereas normal human breast epithelial cells were negative. Positive cytokeratin 8 and TPA reactions had the same cellular distribution as expected from their reported homology (Luning & Nilsson, 1983) . In contrast, the negative HLA reaction for 8701-BC cells was not unexpected since this was reported in neoplastic tissue of 45 patients with thyroid carcinoma (Larsen et al., 1986) and alterations in HLA expression are a recognised property of many human tumours (Ruiz-Cabello et al., 1988) .
In addition to the morphological characterization of these cells in vitro the chromosome studies have demonstrated an abnormal chromosome number of between 55 and 60 with numerous chromosomal rearrangements for the 8701-BC cells. The recently described VHB-1 cell line was also reported to have an abnormal karyotype (Vandewalle et al., 1987) , but with numerical differences to the karyotype reported here. The proliferative properties of the 8701-BC falls into the range expected for tumour cell populations, and is similar to that of the VHB-1 line. Although it was reported that one in five human breast carcinoma cell lines had an amplified c-myc gene (Kozbor & Croce, 1984) we found no particular involvement of this oncogene in 8701-BC as judged by its apparent lack of amplification in relation to other human cell lines.
Our characterisation of the 8701-BC cell line to date, especially its morphological similarities with breast carcinoma cells in situ, its abnormal karyotype, and its continued rate of proliferation after 3 years and more than 100 passages in vitro, suggest the establishment of a breast carcinoma cell line. Moreover, the ability of this tumour cell line to produce homotrimer collagen in vitro (Minafra et al., 1988) and the ability of this matrix component to modify the morphological and behavioural properties of 8701-BC cells in vitro (Schillaci et al., 1989) suggests that this tumour cell line would offer many advantages for the study of neoplastic cell:stromal matrix interactions. Indeed, the production of an embryonic-type collagen may well relate to an oncofetal-type transformation which may be associated with invasive or metastatic properties. The tumorigenic behaviour of 8701-BC in nude mice would facilitate such studies and these experiments are now in progress.
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